ABSTRACT Smooth muscle myosin filaments formed in 0.15 M KCI are depolymerized by MgATP to a lOS component, rather than to the 6S component typical of myosin monomer in high salt concentrations. This lOS species is also monomeric as determined by sedimentation equilibrium and calculated from the diffusion and sedimentation coefficients. The conformation of lOS myosin is, however, very different from that of 6S myosin, which has a flexible but extended rod. The Stokes radius and the viscosity of lOS myosin are less than those of 6S myosin, consistent with a structure in which the rod is bent. Electron microscopy of rotaryshadowed preparations confirmed that the light meromyosin region of the rod is bent back on subfragment 2, that region of the rod adjacent to the two globular heads. MgATP and dephosphorylation of the 20,000 molecular weight light chain increase the amount of 10S myosin present in 0.15 M KCI; addition of salt converts lOS myosin back to the typical 6S conformation. We conclude that smooth muscle myosin preferentially forms a bent or folded conformation instead ofthe extended shape usually associated with skeletal muscle myosin, provided that the salt concentration is kept sufficiently low. Here we show that 10S myosin is not a dimer, but a monomer in which the rod is folded back upon itself such that the light meromyosin (LMM) region interacts with its own subfragment-2 (S-2) region. Addition of salt reforms the 6S conformation in which the rod is extended. The salt concentration thus has a large effect on the conformation of monomeric smooth muscle myosin, with this unusual bent form occurring at physiological ionic strength.
verts lOS myosin back to the typical 6S conformation. We conclude that smooth muscle myosin preferentially forms a bent or folded conformation instead ofthe extended shape usually associated with skeletal muscle myosin, provided that the salt concentration is kept sufficiently low.
The stability of smooth muscle myosin filaments in MgATP depends on the state ofphosphorylation ofthe 20,000 molecular weight light chain (LC20). Dephosphorylated gizzard myosin filaments are dissociated by approximately stoichiometric amounts of MgATP, whereas phosphorylated filaments remain largely assembled even in millimolar MgATP, as shown by turbidity measurements and electron microscopy (1, 2) . Similar results were obtained with nonmuscle myosin filaments from thymus and platelets (3) .
Dephosphorylated gizzard myosin filaments in 0.15 M KCI were completely depolymerized by MgATP to a 1OS component (2) . At higher salt concentrations, gizzard myosin sedimented at 6 S in the presence or absence of MgATP. Because the sedimentation coefficient of myosin in solutions with low salt con- centrations was approximately twice that of monomer in high concentrations of salt, it was suggested that 1OS myosin might be a dimer that was dissociated to monomer by high concentrations of salt (2) . An antiparallel dimer has been proposed as an intermediate in the assembly ofside-polar filaments, a structure unique to smooth muscle and nonmuscle cells (4) (5) (6) .
Here we show that 10S myosin is not a dimer, but a monomer in which the rod is folded back upon itself such that the light meromyosin (LMM) region interacts with its own subfragment-2 (S-2) region. Addition of salt reforms the 6S conformation in which the rod is extended. The salt concentration thus has a large effect on the conformation of monomeric smooth muscle myosin, with this unusual bent form occurring at physiological ionic strength.
MATERIALS AND METHODS
Preparation of Calf Aorta Myosin. Myosin was prepared as described by Megerman and Lowey (7) . To minimize phosphorylation of myosin by light chain kinase, 1 mM EGTA was added to all buffers, and MgATP was added to the crude myosin just prior to gel filtration. In this way, myosin was isolated with <10% phosphorylation. Myosin concentration was determined from Al% = 4.8.
Gel Electrophoresis. NaDodSO4/polyacrylamide gel electrophoresis was performed according to the method ofLaemmli (8) , with a 5-20% gradient ofacrylamide and a 4% stacking gel. Crosslinked myosin was separated on 2.5% acrylamide/0.5% agarose slab gels in the Laemmli buffer system. Phosphorylated and dephosphorylated LC20s were separated on glycerol/ acrylamide gels. The running gel contained 40% (vol/vol) glycerol and 10% acrylamide; the stacking gel, 40% glycerol and 3.5% acrylamide. The running and gel buffers were 20 mM Tris/ glycine, pH 8.6 (9) . Myosin (10) .
Centrifugation. Sedimentation velocity experiments were carried out in a Beckman model E analytical ultracentrifuge at 20°C, using the absorption optical system for protein concentrations <1 mg/ml and the schlieren optical system for higher concentrations. Diffusion coefficients were determined in a 12-mm synthetic boundary cell by using interference optics. The distance between one-fourth and three-fourths ofthe total concentration (assuming 4 fringes per mg per ml of protein) was used as a measure of boundary width (11) . In one case, schlieren optics and the height-area method were used to determine the diffusion coefficient. High-speed sedimentation equilibrium Abbreviations: LMM and HMM, light and heavy meromyosin; S-1 and S-2, subfragment 1 and 2; LC20, 20,000 molecular weight light chain. * Present address: Muscle Biology Group, Iowa State University, Ames, IA 50011.
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was performed at 50C, using the six-channel, 12-mm equilibrium cell (12) Smooth muscle myosin was purified from the calf aorta. A NaDodSO4/polyacrylamide gel of the purified myosin showed no degradation of the heavy chain or the two light chains (Fig.  1A) . The degree ofphosphorylation of LC20 was determined by glycerol/acrylamide gel electrophoresis (Fig. 1B 24 hr.
The sedimentation pattern of the dephosphorylated filaments is shown in Fig. 2 (upper patterns). As reported by Suzuki et al. (2) , addition of 1 mM MgATP to dephosphorylated filaments depolymerized the polymer (Fig. 2, lower patterns) . Even in the absence of MgATP, however, there is a considerable amount of the slow-moving boundary in equilibrium with polymer. The sedimentation coefficient of the slow-moving boundary is 10 S whether or not MgATP is present.
The 1OS myosin is converted to the 6S species by the addition of KC1 to 0.6 M (Fig. 3) Figure SB . One preparation (-) shows a small increase in the weight-average molecular weight above 1 mg/ml local cell concentration, but despite the indication of some higher molecular weight aggregates, 10S myosin is predominantly monomeric. This is shown more clearly by a second preparation (-), which gives a molecular weight of 500,000 at local cell concentrations up to 3 mg/ml. The sedimentation equilibrium data, therefore, unambiguously show that 10S myosin is monomeric.
Conformation of 10S Myosin. A myosin molecule with a sedimentation coefficient of 10S must have a very different conformation from that ofthe extended asymmetrical 6S myosin. Such a change in shape should be readily detected by gel filtration ibration curve (Fig. 6 Inset), although asymmetric proteins can elute anomalously (17 (Fig. 7A) shows long and extended tails with occasional bends as described by Elliott and Offer (19) . In contrast, the apparent length of the rod of most 10S myosin molecules in the field (Fig. 7B) is shorter. The rod is bent such that the distal region of the rod (LMM) interacts with the region of the rod near the globular heads (S-2).
Because the bent form was not consistently observed by electron microscopy, the 10S conformation was stabilized by crosslinking with dimethyl suberimidate. The 200,000 molecular weight heavy chains of 6S and 10S myosin were crosslinked into a dimer (Fig. IC) , but only the 10S myosin was in the bent conformation as shown by electron micrographs of the crosslinked myosin molecules (Fig. 7 C and D) . The '.
-''"" " ' "''' "', . .,.. ... .. (20) or the isolateddithionitrobenzoic acid light chain (21) have been detected by circular dichroism. The 20,000 molecular weight light chain of smooth muscle myosin may undergo similar changes in helical content with salt concentration. Although the location of the regulatory light chain of smooth muscle myosin in the head is not known, the homologous regulatory light chain from scallop myosin is believed to extend into the neck region near the subfragment-1 (S-1)/S-2 junction (22) . In this position, changes in the regulatory light chain (phosphorylation, salt effects) could be transmitted to distal positions along the rod. The bending observed in the smooth muscle myosin rod at low salt concentration occurred more frequently and at consistently greater angles than previously observed for skeletal myosin (19) , although the solvent for skeletal myosin contained a high concentration of salt. A sharp bend in the rod of skeletal myosin occurred about 430 A from the head/tail junction and provided indirect evidence for a-hinge. A hinge has been postulated to account for contraction at constant sarcomere volume. The head (S-1) and S-2 regions of myosin could swing away from the filament backbone during contraction to allow S-1 to attach to actin at various interfilament distances (23) . It has also been suggested that an a-helix-to-random-coil transition occurs in the hinge region of myosin to generate the actual tension produced during contraction (24) . The bending observed in smooth muscle myosin does not seem to occur by any large helix-coil transition, because no change in circular dichroism was observed between 10S and 6S myosin.
Flexibility of the skeletal myosin rod has also been shown by analysis of rates of relaxation of electrical birefringence (25) and depolarized light scattering (26) and from observations of differential regions ofthermal stability in the rod (27) . From known dimensions of the head and rod, the translational and rotational diffusion coefficients and the intrinsic viscosity of myosin can be calculated. These calculated values do not agree with experimental values unless myosin is modeled with a flexible hinge at the S-2/LMM junction (18) . The S-2/LMM junction is also a major site of attack by proteolytic enzymes (28) , but there is no evidence that this susceptibility is due to a large nona-helical region. The a-helical content of the rod is essentially the same as that ofLMM and S-2 and the rod contains no proline residues (29) . Amino acid analysis of the carboxyl region of long S-2 that is not common to short S-2 shows a slightly higher fraction of serine and glycine residues, which do not favor helix formation (30) . Thus the region between S-2 and LMM may have a slightly different structure from the rest of the rod. It is not known whether smooth muscle myosin rod has a unique sequence that could account for the more flexible region observed.
These studies do not necessarily imply that dephosphorylated smooth muscle myosin in vivo is present as a bent monomer. Recent studies using rapid freezing techniques have clearly shown that dephosphorylated myosin in relaxed smooth muscle is filamentous- (31) . The flexibility observed in the dephosphorylated myosin monomer could be manifested in a more subtle way in vivo, such as in differences in myosin packing in the filament, which in turn could influence the interaction of myosin with actin. Filaments from relaxed and contracted smooth muscle may indeed be different, because early electron microscopy studies showed thick filaments only in contracted muscle (32) , which led to the hypothesis that myosin in relaxed muscle was disassembled.
The most well studied ofall myosins, namely skeletal muscle myosin, has not readily revealed this bent conformation. This does not imply thatno bending-occurs in skeletal muscle myosin (33) , but it may be less pronounced than in smooth muscle myosin. Therefore, it is reasonable to suggest that this bent conformation may be directly.related to some of the unusual physiological properties of smooth muscle myosin.
Note Added in Proof. Suzuki et al (34) have recently concluded that 10S gizzard myosin is monomeric.
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